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Abstract 
                  In the present world where there is an exponential increase in the energy crisis, it becomes an immediate necessity 
for the people to conserve energy. Manufacturing using foundries is a well established process in practice throughout the world. 
More than 50% of the energy consumed by the foundries is spent in melting the raw materials[18] and this energy goes waste 
when the molten metal solidifies in sand moulds. In this paper a novel idea is suggested where the heat released on the 
solidification of molten metal is used to preheat the raw materials. The experiment was done using aluminium and also with cast 
iron and the results were obtained. This heat recovering capacity was found to vary when the raw materials were insulated and 
also with the water moisture present in the casting sand. An exhaustive analysis on varying moisture  contents was done and the 
temperature gaining time for the raw materials in each case of moisture levels was obtained. All these experiments clearly 
showed a considerable conservation of energy of about 10% - 20% of the required melting energy. This when practiced 
throughout the country it can conserve a large amount of energy which is mentioned in the paper in detail . 
© 2014 The Authors. Published by Elsevier Ltd. 
Selection and peer-review under responsibility of the Organizing Committee of GCMM 2014. 
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1. Introduction 
The world is undergoing a transition from the days of cheaper energy that was abundant to the days of energy 
scarcity and energy-related environmental problems, leading to unsustainability of the planet. In such a situation, it is 
most urgent and important to promote simple and innovative solutions of energy conservation that requires fewer 
resources and saves more [1]. Hence the best approach is to conserve energy than to generate it, since there is a 
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crucial link between energy generation efforts and environmental wellbeing. This research focuses on one of the 
energy intensive manufacturing processes- i.e., metal casting. The waste heat that is given out when the metal is 
solidified provides a source for heating the raw materials placed. This pre-heating of the raw materials reduces the  
energy consumption involved for the melting process of the raw materials in the subsequent steps. Previously many 
experiments have been done in this area. A procedure and a method for pre-heating scrap to be charged into smelting 
furnace was invented by Egidio Fedele Dell'Oste. Here, the heat provide by smelting furnace discharge was used for 
pre-heating of the scrap[19]. The pre-heating of steel scrap for a twin shell electric furnace was done by Genge et al 
from the heat energy of furnace off gas[20]. In a research on Analysis of Waste Heat Recovery to Steel Scrap pre-
heating in an enclosure vessel, a method for pre-heating steel scraps using waste heat in a continuous casting process 
was proposed by T.Wang et al[21]. Waste heat recovery was also done from the molten slags to produce both steam 
and heated air by G.Bisio[22]. The methodology adopted here, which is simple when compared to others is 
discussed in the following section. 
2. Methodology and experimental set-up 
         The methodology adopted is to embed the raw materials (scrap/virgin metals) in the sand molds around the 
mold cavity and prepare the mold in such a way that the raw materials align themselves close to cavity and absorb 
the heat and get preheated while the molten metal releases it during solidification. The experimental set up based on 
this is depicted in Fig.1. In this figure, rectangular shaped scrap has been used for embedment. The raw scrap 
preparation involves the activities of sizing the scrap to fit into the mould cavity. Such raw materials are placed very 
close to the mould cavity to obtain maximum heat that is released from the solidification process of the metal. This 
photo has been taken after the casting has been done. This is the basic process and has been proved for its successful 
functioning and published in research literatures[2, 3]. A specific variant of this basic process considered in this 
article is to investigate into the influence of sand moisture on the waste heat recovery. For this, sand moisture was 
varied carefully by adding calculated amounts of water to dry sand (proportions of other additives are fixed) and 
mould was prepared with sands of different and pouring was done; the temperature picked up by the raw material in 
each case was measured using thermocouples. Now the implementation of the methodology is extended further to 
foundry shop floor to conceptualize as to how it should appear in the foundry shop floor. For this, an idea of what 
the foundry shop floor would look like is given in Fig.2a. In this self-explanatory illustration, all the operations of a 
typical foundry are shown. 
                                            (a)                                                                                                            (b) 
Fig.1.(a)Experimental set-up for waste heat recovery from solidifying molten metal 
(b) Experimental set-up, showing the drag portion of the flask with embedded aluminium raw material, insulator and thermocouple wires taken 
from the back of the mould at different distances from the mould cavity. 
 
Melting can be done by many methods, but, three are main: induction furnace, electric arc furnace and cupola 
furnace. They are depicted in the figure. Similarly various sources of pollution are also depicted. It is clear in this 
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conventional shop floor situation that there is no effort to recover waste heat in any form, anywhere. That part (the 
proposed methodology) is going to be added now. The proposed method of waste heat recovery and related 
developments come into picture in the following zones of the shop floor operations:  
x While molding (to embed scrap into the molds) 
x While shake out (to separate the preheated raw material from the mold) 
When these two aspects are imparted into the conventional shop floor layout, it looks as shown in Fig.2b. This 
figure gives the full picture of the shop floor when the proposed methodology is implemented. The shaded blocks 
and filled arrows are the contribution of this paper. 
(a)                                                                                                                 (b) 
Fig.2.(a)Shop floor environment in a conventional foundry[17],(b) Shop floor appearance when the methodology is implemented 
 
The schematic experimental set-up is as shown in Fig.3. As it could be seen the conventional method is replaced 
with embedded raw materials with and without the insulation and the results are analyzed. First step was to prepare 
the mould with raw materials embedded around it and next with insulators around the embedded raw materials and 
the readings were analyzed. K-type thermo couples were used to measure the mould's temperature and also the 
temperature of the raw material scraps. 
 
Fig.3.Schematic representation of the experimental set-up 
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3. Experimental results  
      For the experiments to be done in the sand mould, both and without the heat integration ( using insulators ) it is 
necessary to analyze the nature of heat transfer in the mould. The peak value attained by the mould prepared in the 
experiment using the cast iron melt ( pouring temperature about 1400 ̊ C )  was about 600 ̊ C as measured from the 
distance of 10mm from the mould cavity as seen in the Fig.6. The heat distribution as it could be seen is not linear. 
There are ways of mathematically explaining this phenomenon, but since that is not the focus of this paper, 
mathematical explanation is restricted to the following governing equation for solidification of a casting which is the 
conservation of energy equation written in its advection-diffusion form[4]:      
ࣔሺ࣋ࡴሻȀࣔ࢞ ൅ સǤ ሺ࣋ࢂࡴሻ ൌ સǤ ሺ࢑Ȁࢉસࡴሻ ൅ ࡿ 
The source term S for a two phase system is given as follows: 
 
 ܁ ൌ સǤ ሾሺܓ ܋ܛΤ ሻસሺ۶ܛ െ ۶ሻሿ െ સǤ ሾૉ܎ܛሺ܄ െ ܄ܛሻሺ۶ۺ െ ۶ܛሻሿ  
 
From this equation, we can understand that the heat transfer is primarily a function of density, thermal conductivity, 
enthalpies, and temperature gradient. Since the thermal conductivity of the metal and sand is temperature-dependent, 
the resulting temperature distribution is non-linear (Fig.4) 
                                                            
                                                        Fig.4. Temperature distribution in sand mold without heat integration 
 
3.1. Results without insulation in Aluminium castings 
        The mould cavity was made and the raw material was perfectly embedded in the drag part of the casting as 
shown in the schematic representation in Fig.1a and Fig.3 and the molten aluminium of 1003 K was poured into the 
mould cavity. The temperature at 10mm from the mould cavity was measured using the K-type thermocouples.  It 
could be seen from the Fig.5 that the peak temperature attained by the scrap was about 412 K without the use of 
insulators for heat integration at a distance of 20mm from the mould cavity and the maximum temperature recorded 
by the mould beyond the raw materials at a distance of 38mm from the mold cavity was found to be around 360 K. 
Thus it is evident that the heat recovery depends on the distance of the scraps to be pre-heated from the mold cavity. 
 
3.1.1. Energy, Economy and Environmental impacts calculations 
          For each of the case discussed above, savings in energy, economics and environment can be assessed. Let us 
calculate the energy needed for molten metal preparation and energy recovery for each insulation thicknesses, 
starting from without insulator and finally analyze the economics and environment related parameters for the best 
case. 
3.1.2. Energy required for preparing the molten metal for pouring  
          From the basic thermodynamics equations[5], it can be calculated as follows: 
                                                     E = mcΔT1 + mL + mcΔT2 -----------------------------(1) 
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L = latent heat of fusion 
ΔT1 = difference between the melting point and initial temperature of the aluminium 
 
Fig.5.Temperature rise trend line for scrap-mixed mould of Aluminium without insulators 
ΔT2 = difference between the maximum temperature to which the metal is raised for 
pouring and the melting point 
Density of aluminium = 2, 700 kg/m3 ; Mass of aluminium. m =  density × volume = 1.1 kg 
Volume of molten aluminium used ( with 70% yield)= 400 ×10-6 m3 
Specific heat of aluminium. c = 897 J/kgK; Melting point of Aluminium= 933 K 
Energy required for melting aluminium, E = 1.1× 897(933 − 300) + 1.1× 3.98 ×105 
+1.897× (1, 003 − 933)   
    = 1131.5 kJ -----------------------------(2) 
 
3.1.3. Energy recovery without insulation 
         Based on the peak temperature acquired by the scrap (412 K) in the case without insulation, 
Maximum energy recovery, Er1 = mcΔT. (Here ΔT is the difference between peak 
temperature of scrap and room temperature) 
      = 1.1×897 × (412 − 300) = 110.51 kJ 
Percentage energy recovery = Er1/E = 110.51/1131.5 = 9.76 %  
 
3.2. Results using insulators of different thickness in Aluminium castings 
        The same experiment was repeated with insulators surrounding the raw materials for the heat integration to get 
maximum pre-heating of the raw materials. The thickness of the insulators were varied from 40mm to 120mm 
thickness and the readings were plotted for these values as shown in Fig.6. It could be seen from the graph that the 
peak scrap temperature attained is maximum in case of higher insulation thickness of 120mm which is recorded to 
be around 457 K that is much higher than 420 K which was obtained with 40mm thickness insulation. This is 
because of the heat integration that restricts the heat transfer after the insulation of glass wool.  Also the mould 
temperature beyond the insulator was found to be low as seen from the graph in case of 120mm thickness insulation 
because of higher heat integration on account of  more insulation thickness. Higher temperature recorded in the 
scraps implies higher pre-heating of the scraps providing higher energy conservation. Thus considerable amount of 
energy could be saved by pre-heating the raw materials with insulation when compared to that of the process of heat 
recovery without the insulation. Briefly usage of more insulation thickness increases heat recovery. 
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3.2.1.Energy recovery with 40mm insulation 
Here, the peak temperature acquired by the scrap is 420 K (from fig. ) 
 Using this, maximum energy recovery, Er2  = mcΔT 
      = 1.1×897 × (420 − 300)  = 118.40 kJ 
Percentage energy recovery = Er2/E = 118.40 /1131.5 = 10.46 % 
 
Fig.6.Temperature rise trend line for scrap-mixed mould with 40mm and 120mm thick insulator 
3.2.2.Energy recovery with 120mm insulation  
         Applying the peak temperature acquired by the scraps as 457 K (from Fig.6 ), we can get 154.91 kJ for 120mm 
insulator. This amounts to 13.7 % of energy savings. If 13.7 % saving is in the scrap, it will translate to 22.2 % 
savings in the electricity to melt the scrap since furnaces operate at around 60%. 
 
3.3. Results without using insulators in cast iron castings 
 
3.3.1. Heat integration without insulators  
          Here, the proposed method is introduced to integrate waste heat liberated through sand during the 
solidification into the process cycle in such a way that the waste heat is recovered by the scrap embedded around the 
mold and as a result, the cast iron scraps gets preheated in the process. The temperature data from the mold has been 
taken by placing thermocouples at 10mm. The results are presented in Fig.7. Temperature is high in the curve that 
represents thermocouple data close to the mold (10 mm). The temperature recorded by the thermocouples placed in 
the scraps also is plotted in the provided figure that shows a maximum temperature of 250 ̊ C (523 K). 
 
3.3.2. Heat integration with insulators  
          Here, the same principles of heat integration are applied to pre-heat cast iron scraps, but the heat recovery is 
enhanced by wrapping the scrap with rock wool insulators for preventing the leakage of heat into the sand beyond 
insulators. The peak temperature value is 380 °C (653 K) which is higher because of rock wool wrapping. The 
temperature distribution graph is presented in the Fig.8. From the graph, we can see that the maximum temperature 
gained by scraps have improved compared to the case where the insulators were not used because of heat trapping 
by the insulators by preventing the heat flow through it. 
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                                            Fig.7.Temperature distribution in the sand mold with raw material embedment without insulators 
 
 
Fig.8.Temperature distribution in the sand mold with raw material embedment and with insulators 
 
3.3.3. Energy required for melting the cast iron block under test  
      As per the basic thermodynamic relations[5], the energy required to melt cast iron is given by the following 
formula:   E = mcΔT1 + mL + mcΔT2 
Where,  
m     = mass of raw materials used in embedment ; cavg  = specific heat capacity of cast iron (0.5 kJ/kg K)  
ΔT1  = difference between the melting point and initial temperature of the cast iron  
ΔT2 = difference between the maximum temperature to which the metal is raised and the melting point  
L = Latent heat of fusion (126 kJ/kg) ; Density of cast iron used = 7,200 kg/m3  
Volume of cast iron used = 400×10–6 m3  (This volume corresponds to the mold cavity used)  
Mass of cast iron = 1.4 × (volume * density) = 4.1 kg; Melting point : 1473 K ; Room temperature : 300 K. 
Here, an assumption of 60% of casting yield has been made, which is easily achievable in industrial practice.  
Pouring temperature : 1673 K  (200 °C of super heat is allowed to account for the energy loss in transit)  
Applying all these values, we can calculate the energy required for melting the cast iron block under test as follows:  
E = 4.1 × 0.5 × (1473-300) + 516.6+ 4.1 × 0.5 × (1673-1473) 
                                             = 2404.65 + 126 + 410 
                                             = 3331.25 kJ 
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3.3.4.Energy recovery without insulation 
         Based on the peak temperature acquired by the scrap (523 K) in the case without insulation, 
Maximum energy recovery, Er1 = mcΔT. (Here ΔT is the difference between peak 
temperature of scrap and room  temperature) 
      = 4.1×0.5× (523 − 300) = 457.15 kJ 
Percentage energy recovery = Er1/E = 457.15/3331.25 = 13.7 % 
 
3.3.5. Energy recovery with insulation 
          Based on the peak temperature acquired by the scrap (648 K) in the case of without any insulation, the 
maximum energy recovery is 713.4 kJ which accounts to about 21.41% energy saving, which will translate to 34.6 
% savings in the electricity to melt the scrap since furnaces operate at around 60%. 
 
3.4. Results in heat recovery by varying the moisture content of the molding sand for aluminium castings 
           The experimental results are presented in the graph shown in the Fig.9. This graph shows the heating of the 
embedded scrap with passage time. The peak temperature achieved by the scrap and the time taken for the same in 
each case is presented in Error! Reference source not found..The phenomena that are responsible for the 
pattern of temperatures shown in the Error! Reference source not found. are discussed as follows: If 
moisture content is more, naturally thermal conductivity will be more [6] and the sand will conduct heat better. As a 
result, peak temperature for the scrap should increase, time to reach the peak should reduce since heat travels faster. 
But what happens here is: If moisture increases, peak temperature achieved by the scrap decreases and the time to 
reach peak decreases. This is due to the moisture absorbing heat and utilizing it for evaporation of water. The water 
evaporation is a phenomenon governed by two important factors: temperature and pressure. Even though the 
boiling point of water is 100 0C at atmospheric pressure, if the pressure is reduced, the boiling point will reduce and 
vice versa.   
            In the mold, the moisture begins to evaporate with a very low rate and this rate increases exponentially with 
raising temperature according to the Antoine equation[7], until the water vapor pressure reaches that atmospheric 
pressure where the normal boiling is taking place. At higher temperatures, the evaporation will be very fast. In the 
present case, temperature is more than 100 0C, since Aluminum is poured at around 1003 K and hence the heat that 
would flow from cavity towards raw material will be spent in evaporation of sand moisture. Hence, moisture 
addition is detrimental to heat recovery. Even though reducing moisture level gives advantages in terms of 
increased peak temperatures, which gives increased energy conservation, generally it is difficult to lower it below 
3% for machine molding in foundries, since below that level, the binding properties of the sand are affected. 
 
Table1.Summary results for experiment with various moisture contents 
 
Experiment 
No 
Moisture content 
(% by weight) 
Peak temperature attained by 
the scrap (K) 
Time to reach peak 
temperature for 
Uniform scrap (s) 
1 3.5 431 1600 
2 5 423 1500 
3 6.5 409 1000 
 
For various moisture contents of the mold, savings in energy, economics and environment can be assessed. Let us 
calculate the energy needed for molten metal preparation, energy recovery from scrap and finally analyze the 
economic and environmental benefits. From (1) and (2) the total energy required to melt the aluminium  is 1131.5 
kJ. 
3.4.1. Energy recovery for moisture content of 3.5%  
Based on the peak temperature acquired by the scrap (431 K) at 17mm from the mould cavity, energy recovery 
            Er1 = mcΔT. (ΔT is the difference between peak temperature of scrap and room temperature)                                    
                   = 1.1×897 × (431− 300) = 129.25 kJ 
Percentage energy recovery = Er1/E  = 129.25/1131.5 = 11.4 % 
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Fig.9.Temperature gain history by the scrap at 17mm from the mould cavity  
 
3.4.2. Energy recovery for moisture content of 5%  
          Similarly based on the peak temperature acquired by the scrap (423 K),the maximum heat recovery was about  
121.36 kJ with 10.72 % energy recovery comparing to the energy required for melting aluminium. 
 
3.4.3.Energy recovery for moisture content of 6.5%  
          Applying the peak temperature acquired by the scraps as 408 K in the energy formula (Er1 = mcΔT) as above, 
we can recover energy of about 107.5 kJ. This amounts to 9.5% of energy saving. 
 
4. Environmental Impacts 
           For a global production of 98,593,122 tons of castings[8], energy required for melting is 69015185400 kWh. 
Accounting for transmission and distribution losses of 10% this energy becomes 75916703940 kWh at the 
generation site. Actually, if we optimize this technique by keeping the scrap closer to the cavity and improving the 
moulding methods, the savings will improve considerably.  If around 12% to 22% could be recovered then it would 
be  9110004473 kWh to 16701674870 kWh saved which is very large amount of energy that is recovered by using 
this simple novel experiment.  Using some simple models of ecological foot print calculation[9], it can be found that 
this energy saving minimizes 3917302 tons of CO2 per year. To exactly assess the ecological foot print for 
conservational methods is a bit complex process, since it involves many factors such as exact generation mix and 
accurate accounting of emissions in each method of energy generation. Many works have been done in this regard: 
Resource input-output methods[14,15] Componential methods with wider accounting[16]...etc. According to the 
reports [10], to melt one ton of ferrous material, on the average, the furnace takes 700 kWh electricity. If we 
consider the efficiency of energy saving from the experiments to the maximum of 21.4% could be recovered, so 
around 147 kWh less, taking into account that India produces 9,994,000 tons of castings per year[8]. 
 
5. Conclusion 
          From the analysis and the energy recovery calculations it was found that this methodology of heat recovery 
provides for the considerable amount of energy conservation when practiced in industries throughout. Being simple  
There were also several method suggested for heat recovery, like preheating from the flue gas of the furnaces[11.]in 
its construction it can be easily implemented in the industries without difficulties. The experimental results show 
that on increasing the moisture content of the sand the peak temperature attained by the raw material scraps 
decreases and the percentage of heat recovery also decreases and also through insulation thickness experiment, it is 
incurred that increasing the thickness, increases the heat recovery and energy conservation. It is found that around 
11.4% of energy can be recovered from the process in the best case of moisture, which is 3.5 % and also with the 
cast iron castings with an insulation, about 21.4% of the required energy for melting could be saved. In case of 
experiments done with various thickness of insulation for the aluminium castings it was also found that about 13.7% 
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was recovered with an insulation thickness of 120mm. There were also several method suggested for heat recovery, 
like preheating from the flue gas of the furnaces[11]. But as it could be seen from Fig.10 the percentage recovery 
was found to be only 11.8% along with the expense of construction of the setup. But the suggested process of heat 
recovery here does not require such setups. Also, Ultrich Pohl invented waste heat recovery from flue gas after-
burner[23] which was similar to the mentioned pre-heating process above with comparable efficiency only. 
The industries in USA consumes approximately 257 TBtu/yr [12].Approximately 55% of the industry’s energy costs 
are for melting processes[13]. If as much as 10% were to be recovered then as much as 14.135 TBtu/yr could be 
recovered. And for 21.4% of energy recovery as much as 30.24 TBtu/yr could be saved which is of great value 
energy saving in the present world of energy crisis. 
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